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In  1913,  an  attempt  was made  to develop a  teqhnique  by which 
the size of the pulmonary, orifice of the heart  could be increased  or 
decreased.  The  immediate  results  of .the  experiments  showed that 
plastic operations on the wall of the pulmonary artery and its sigmoid 
valves caused little danger  to the life of the animal,  when a  proper 
procedure was  employed.  The  purpose  of  this  paper  is  merely  to 
examine the remote effects of the operations. 
~. 
EXPERrM~NTAL. 
In  four  experiments,  the  pulmonary  orifice  was  enlarged  by  a 
vertical incision and suture of a  flap of vessel.X, 2  In five others, the 
sigmoid valves were cauterized, incised, sutured, and the circumfereIice 
of the orifice was shortened by stitching two of the valves together. ~, ~,, 
1.  Patching  of the  Pulmonary  Orifice.wThe operation consisted in 
suturing to the anterior side of the orifice a  flap of a  vein which per- 
mitted  an increase in the circumference of the orifice after the wall 
had  been incised.b ~ 
Experiment/.--Black,  female dog; medium sized, No. 1.  October 23,  1913. 
The patch was a  fragment of human  aorta taken  24 hours previously from a 
cadaver and preserved in cold storage.  The incision was made on the anterior 
side of the pulmonary  artery.  May, 1914.  Animal still in normal condition. 
October 16.  Died. 
1  Tuffier, T., and Carrel, A., J. Exp. Med., 1914, xx, 3. 
All operations were performed under ether anesthesia. 
Carrel, A., J. Exp. Med., 1914, xx, 9. 
4 Carrel, A., Ann. Surg.,  1914, Ix,  1. 
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Autopsy.--Adhesions of the lungs  to the thoracic ~,~]l~.  Heart surrounded by 
adhesions.  Adhesions  of  the  pericardium.  Anterior  side  of  the  pulmonary 
artery covered by a layer of fibrous tissue.  Surface of the intima of the pulmonary 
artery smooth, and sigmoid valves entirely normal. AhoY, the anterior  valve, 
depression of the wall about 8 ram. wide,  18 nun. long,  and 2 nun. deep. 
Experiment 2.--Black and white bulldog,  medium sized,  No. 2.  October 31, 
1913.  The patch was made of a flap of dog jugular vein, preserved for 24 hours 
in  cold storage.  May 20,  1914.  Animal normal.  March 3,  1915.  Died after 
an illness  of several weeks. 
Autopsy.--Adhesions of the lung  to  the  thoracic wall.  Fluid  in  the pleural 
cavity.  Adhesions  of the pericardium.  A  thick layer of fibrous tissue on the 
anterior part of thepulmonary artery and the upper part of the ventricle.  In- 
distinct  and  narrow  scar  above the  anterior  sigmoid  valve of  the  pulmonary 
artery.  No apparent  depression  of  the  wall.  Surface of  the  intima  smooth. 
Sigmoid valves normal.  Location of the patch detected by thickening of the wall. 
Experiment 3.--White, male bulldog,  No. 3.  November 26,  1913.  Patching 
of the pulmonary arterywith a piece of dog vena cava, preserved for 1 monthin 
cold storage.  May, 1914.  Animalnormal.  February 17, 1915.  Died. 
Autopsy.--No adhesions of the pericardium.  No adhesions of the pulmonary 
artery to the aorta or the auricle.  Connective tissue on the anterior part of the 
vessel  thickened.  No  scar  visible  from  the  outside.  Opening  of  the  vessel 
along  the  posterior  side.  Sigmoid  valves normal.  No apparent  insufficiency. 
Slight  depression  of  the  wall  above  the  anterior valve.  Surface  smooth  and 
scar very indistinct.  Upper part of the scar 1.5 cm. above the sigmoid and hardly 
visible.  Location of the patch detected only by a slight thickening of the wall. 
Experiment 4.--White,  female  bulldog,  No.  4.  December  2,  1913.  The 
incision of the pulmonary artery was patched by a flap of jugular vein, preserved 
in cold storage since  November 28,  1913.  May,  1914.  Animal in good condi- 
tion.  December 21.  Died. 
Autopsy.--No adhesions of the pleura or the pericardium.  However, a  few 
loose adhesions at the posterior part of the heart.  Anterior part of the pulmonary 
artery free from fibrous tissue.  No scar on the external side.  After opening of 
the artery, an indistinct  and slightly depressed scar visible above the anterior 
sigmoid.  Surface of the intima smooth.  Patch located by a  slight thickening 
of the wall. 
2.  Cauterization,  Section,  and Suture of the Sigmoid  Valves.--After 
longitudinal  opening of the artery, just above the orifice, the sigmoid 
valves were cauterized with the thermocautery, or they were severed 
and sutured,  or two of them were stitched together3,3, 4 
Experiment 5.  Cauteriz~tlo~ of the Sigrnold Valves.--Young brindle,  female 
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sigmoid  valves with  the  thermocautery.  June~ 4921.  Dog in good condition. 
No murmur. 
Experimen~ 6.  Cauterization of the Sigmoid  Valves.NWhite  and yellow,  male 
fox-terrier, No. 6.  April 29, 1914.  Cauterization of the anterior and the right 
valves.  December 29,  1916,  Died. 
A~topsy.nAdheslons of the lungs to the pericardium.  Heart enlarged.  Ad- 
hesions  of the pericardium and the pulmonary artery to the aorta and the left 
auricle.  Fibrous tissue  on  anterior  face  of  the  pulmonary  artery.  Anterior 
sigraoid  valve rigid and thickened,  especially along its margin.  Left posterior 
valve normal.  Two holes about the size of a  pin-head near the anterior inser- 
tion of the right valve.  Scar of the incision  of the arterial wall hardly visible, 
especially in the center. 
Ex~  7.  Cauterization of the  Sigmoid  Valves.nWhite  fox-terrier, with 
brindle  spots,  No.  7.  April  30,  1914.  Cauterization  of  the  posterior valves. 
Animal remained in good condition for 6 years and died of double pleuropneu- 
monia, May 31,  1920. 
Autopsy.--No  adhesions of the lungs to the thoracic wall.  Adhesions  of the 
lungs  to  the  pericardium.  Pus  in  both  pleural  cavities.  Loose adhesions  of 
the pericardium at the anterior part of the heart.  Linear scar at site of pul- 
monary incision.  Sigmoid  valves normal;  no  thickening  of  the edges.  A few 
small holes in the wall of the posterior sigmoids near the margin. 
Experiment  8.  Section  of a Sigmoid  Valve.--Black,  long haired  dog, No.  8. 
March 10, 1914.  Section of the right posterior valve with the scissors.  Animal 
died during the period of the War.  Heart, preserved in formaldehyde, ex,  mined 
May, 1920.  Adhesions  of the pericardium.  Valve slightly rigid.  No union of 
the incision;  thickening of the edges. 
Experiment  9.  Stenosis of the Orifice by Stitching Both Posterior Valves.--Black 
and white, long haired, male dog, No. 9.  March 12,  1914.  The right and left 
sigmoid valves were united by a stitch at a distance of about 3 ram, from their 
insertion.  Dog remained in good condition.  May 10, 1918.  Died of pneumonia. 
Autopsy.--Pericardial  adhesions.  Margin  of  both  posterior  valves  slightly 
thickened.  Scar tissue on the wall of the artery at the insertion of the valves. 
No union of the valves and, therefore, no stenosis of the orifice. 
Experi/raent 10.  Section and Suture of the Right Sigmoid  Valve.--¥eUow and 
white, male fox-terrier, about 7 years old, No. 10.  March 17, 1914.  Right sig- 
mold valve was completely sectioned in the middle from the margin to the inser- 
tion.  Approximation of the cut  edges by a  stitch.  May 20.  Slight  diastolic 
murmur.  June 8, 1920.  Animal in good condition.  No murmur.  Junel  192I. 
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II. 
DISCUSSION AND  SUMMARY. 
Eight animals died from 1 to 6 years after the operation, from unde- 
termined diseases, or from pneumonia.  Two animals are still alive 
7 years after the operation. 
1.  Condition  of  the  Pleural  and  Pericardial  Cavities.--In the first 
experiments, extensive pleural and pericardial adhesions were observed 
1 year and more after the patching of the pulmonary artery.  There 
was also a great deal of fibrous tissue between the pulmonary artery, 
the aorta, and the left auricle.  In the other experiments, the adhe- 
sions of the lungs, pleura, and pericardium were less marked.  This 
was due to some improvements in the technique of handling the vis- 
cera.  At the time of the operations, it was hoped that no pleural or 
pericardial  adhesions would  occur.  Great  care  was  taken  not  to 
injure  the endothelial surfaces  by rough handling or by  sponging. 
No blood was allowed to flow into the pleural cavity.  The surface 
of  the  pericardium  was  protected  by  fine  silk  membranes.  The 
pleural cavity was occluded by thick pads made of cotton and Japanese 
silk.  It  seemed  that  the  serous  surfaces  were  almost  completely 
protected against infection and mechanical irritation.  The occurrence 
of primary pleurisy and pericarditis was prevented by this technique. 
But the development of adhesions in several of the experiments shows 
that the procedures for the handling of the viscera should be perfected. 
2.  Condition  of the Arterial Wall.--In the experiments inwhich the 
orifice was patched, a  slight dilatation of the artery was observed. 
It was not possible to ascertain from the specimen preserved in formal- 
dehyde whether or not there was an insufficiency of the valves.  It 
is probable that there was no leakage, as in none of these cases could 
any diastolic murmur be heard 6 months after the operation.  The 
only animal which presented clinical evidence of pulmonary insuffi- 
ciency died during the War.  The normal condition of the pulmonary 
orifice was due to the incision which did not extend far enough on the 
ventricle, and to the power of redintegration possessed by an organ 
which is  not  diseased.  The  cicatrization  of  the  grafted flap  was 
excellent.  Its outline could not be seen on the external side of the 
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located easily.  However, in Experiment 1 the anterior wall of the 
artery showed a depression about 7 or 8 mm. wide, 18 ram. long, and 
2  or 3  ram.  deep, behind and above the  anterior valve.  But  the 
flap was made of human artery, and it is known that a heteroplastic 
graft always undergoes some dilatation.  When transplants of dog 
tissue were used, no dilatation occurred and the location of the patch 
could hardly be detected.  In Experiment 7, 6 years after the opera- 
tion, the endothelial surface was smooth, glistening, and no scar could 
be seen.  However, the upper and lower parts of the incision were 
marked by  a  slight  depression of  the  wall.  The  presence  of  the 
patch was detected by a  distinct thickening of the wall.  Although 
the edges of the incision had not been sutured to the edges of the 
flap, the endothelial surface was quite smooth.  A transverse section 
of the artery was made through the middle part of the flap in Experi- 
ment 4.  It showed the width of the arterial opening and the way in 
which the  transplant' became adherent  to  the  arterial  wall.  The 
examination of these four specimens demonstrated that, in spite of 
the unfavorable location of the graft, an excellent union had taken 
place.  It  showed  that  homoplastic or  heteroplastic tissue  can  be 
transplanted onto the pulmonary artery as well as onto the smaller 
arteries.  Where the arterial wall had simply been incised without 
interposition of a  patch,  a  linear scar was always found.  6  years 
after the operation, the incision used in the course of an operation 
for cauterization of the sigmoid and sutured with heavy thread was 
transformed into a linear scar and the surface of the intima was quite 
smooth. 
3.  Condition  of  the  Sigmoid Valves.--In three experiments, the 
sigmoid valves  had  been  cauterized  along  their  margin  and  their 
point of insertion in the artery.  One of the animals was still living 
7 years after the operation.  There was no diastolic murmur.  The 
other animals died 3  and 6  years after the operation.  The valves 
were  thin  and  transparent,  and  quite  normal.  However,  one  of 
the valves showed two holes, one near the base and the other near 
the margin. 
The animal on which the section of the right posterior valve without 
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edges of the incision had not united.  They were thickened and the 
whole valve was rigid.  The surface was rough and irregular. 
No permanent  result  was obtained  by the  union  of two  sigmoid 
valves by a stitch.  There was no stenosis of the orifice, and no union 
of the valves 4 years after the operation.  The stitch had disappeared. 
There was some scar tissue at the common point of insertion  of the 
posterior valves, which were more rigid and showed thickened edges. 
7 years after the section and suture of a sigmoid had been performed, 
the animal was still living and in good health.  No diastolic murmur 
could be detected. 